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Objectives: This study assessed outcomes of prediabetes
and undiagnosed diabetes mellitus among patients with
acute coronary syndrome.
Methods: A total of 99 consecutive patients admitted to
the coronary care unit of King Khalid Hospital, Tabuk
from June 2014 to April 2015 were recruited for this
study. A structured questionnaire was administered to
obtain the respondents’ socio-demographic characteris-
tics and coronary risk factors. Blood samples were taken
for Glycosylated haemoglobin (HbA1c) for the diagnosis
of diabetes mellitus and prediabetes. The ethical com-
mittees of both the University of Tabuk and King Khalid
Hospital approved this research.
Results: The mean age of participants was 51.8
years  11.3, with male predominance (84.8%). Twenty-
three (29.8%) patients were found to be prediabetes, 11
(14.3%) newly discovered diabetes mellitus, while 37
(48.1%) were known diabetics. Interestingly those with
undiscovered diabetes had higher rates of complications:
45.4% had ventricular arrhythmias and 63.6% had low
ejection fraction. A strong statistical correlation was
found between HbA1c and the number of cigarettes
smoked per day (p < 0.001) and between HbA1c and
hypokalaemia. No correlation was found between
HbA1c and acute coronary syndrome complications
(p > 0.05).
Conclusion: Prediabetes and undiagnosed diabetes mel-
litus were common among patients with acute coronary
syndrome in Tabuk and were associated with more car-
diovascular complications than known diabetics. More
multicentre studies are needed to assess the prognosis ofy. This is an open access article under the CC BY-NC-ND license
.1016/j.jtumed.2015.10.007
H.O. Mirghani et al.360acute coronary syndrome among patients with undiag-
nosed diabetes mellitus and prediabetes.
Keywords: Acute coronary syndrome; Coronary complica-
tions; Prediabetes; Undiagnosed diabetes
 2015 The Authors.
Production and hosting by Elsevier Ltd on behalf of Taibah
University. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).Introduction
Coronary heart disease is the leading cause of death in
developed countries. Worldwide, 7.3 million deaths occurred
in the year 2001 due to coronary heart disease, as well as 58
million disability-adjusted life years lost. In the developing
world, this number is on the rise due to epidemiological
transition and rapid urbanization, with the emerging increase
in income per capita, bad dietary habits, tobacco use and
work involving inactivity.1,2
Diabetes mellitus is one of the leading causes of vascular
disease.3 The case load is expected to reach 350 million by the
year 2030,4 and it is estimated that up to 30% of patients are
undiagnosed.5 KSA has one of the highest prevalence of
diabetes mellitus in the world (23.7%).6
Due to its association with increased cardiovascular
mortality and morbidity, prediabetes detection and preven-
tion is of prime importance to reduce vascular complications
and decrease the risk of progression to overt diabetes.7
Although stress hyperglycaemia can develop in people
without diabetes due to increasing sympathetic drive and
glucagon levels, leading to glycogen breakdown and increase
gluconeo-genesis,8 most cases were shown to be latent
diabetes.9 Whether stress hyperglycaemia is a predictor of
atherosclerosis and poor outcome in acute coronary
syndrome is a matter of controversy.
To date, we are not aware of any research into the prev-
alence of dysglycaemia among acute coronary syndrome
patients in Tabuk, KSA. In this study, we sought to estimate
the prevalence of diabetes, newly discovered diabetes, and
prediabetes in patients with acute coronary syndromes and
assess their relationship to acute myocardial infarction
complications.Materials and Methods
A total of 99 patients admitted to King Khalid Hospital
coronary care unit with the diagnosis of acute coronary syn-
drome were invited to sign a consent form and were then
interviewed using a structured questionnaire. (A total of 22
patients with missed glycosylated haemoglobin were not
included). The sample size was calculated using the formula:
n ¼ Z2 P Q/d2 where Z ¼ 95% confidence (1.96),
P ¼ prevalence of acute coronary syndrome in KSA,
Q ¼ 100-prevalence, and d ¼ tolerated error. The minimum
sample size was found to be 76 patients and was increased to
99 acute coronary syndrome patients to minimize the error. Ablood sample was taken at admission for HbA1c estimation
using a glycohemoglobin reagent set from HB1C Siemens
Healthcare Diagnostics Newark, DE 19714, USA. A sample
of whole blood was added to the first cuvette containing lysing
reagent, which lysed the blood and converted the haemoglo-
bin to a derivative with characteristic absorbance pattern. A
sample was then transferred to a second cuvette containing
anti-HbA1c to form an antigeneantibody complex before
adding a poly hapten reagent containing different HbA1c
epitopes to form an insoluble antibody-poly hapten complex
measurable by turbidimetric inhibition immunoassay
(TINIA). Pretesting was not necessary because only the
Amadori rearranged form of HbA1c was detected, and high
sensitive CRP was estimated in plasma samples using the i-
CHROMATM fluorescence reader. Alanine aminotrans-
ferase was measured using a reduction-oxidation procedure,
and the change in absorbance was then measured using the
bichromatic (340e700 nm) rate technique. Serum bilirubin
was measured after solubilization by benzoate/caffeine/ace-
tate/EDTA and converted to diazo-bilirubin upon the addi-
tion of diazotized sulfanilic acid, and a red chromophore was
measured at 540 using a bichromatic (340e700 nm) rate
technique. The urease method from BUN Healthcare Di-
agnostics Newark DE 19714 USA was used for blood urea
nitrogen measurement, and serum creatinine was ascertained
using CREA Healthcare Diagnostics Newark, DE 19714
USA based on the idea that in the presence of NaOH, pictate
reacts with creatinine to form a red chromophore measurable
by bichromatic (510e600). Bilirubin is oxidized by potassium
ferricyanide to prevent interference. Uric acid, 25-hydroxy
vitamin D level, and serum magnesium were measured using
(URCA Siemens Healthcare Diagnostics Newark, DE 19714,
USA: cobas 2016-4, Roche Diagnostics, Italy: MG, Roche
Diagnostics, Italy, respectively). Total cholesterol and tri-
glycerides were measured using a colorimetric enzyme assay.
The diagnosis of acute coronary syndrome depends upon
clinical history, elevation of biomarkers of myocardial dam-
age and ECG changes. Hypertension was considered if self-
reported, as well as antihypertensive therapy, history of sys-
tolic blood pressure more than 140 mmHg or diastolic blood
pressure more than 90 mmHg, and smoking (cigarette, cigar,
pipe, or shisha) during the past year. Basic upon clinical in-
formation and traditional vascular risk factors, including
dyslipidaemia, patients were categorized into 4 groups: known
diabetes mellitus (from history, use of oral hypoglycaemic
drugs or insulin); prediabetes; new diabetes; and normal ac-
cording to American Diabetes Association guide-
lines10(diabetes HbA1c> 6.5, prediabetes 5.8e6.4, normal 5.7
or less). Patients with renal impairment, liver disease (from
history or raised liver enzymes), haemoglobinopathies, or
recent blood transfusions, as well as those with missed
HbA1c (22 patients), were excluded. The diagnosis of
admission hyperglycaemia was based on the exclusion of
diabetic patients (previously diagnosed or newly discovered).
Only non-diabetic patients with admission plasma sugar of
>140 mg/dl were considered as having admission
hyperglycaemia.11
Arrhythmias were extracted from patients’ follow-up
charts, and only late ventricular arrhythmia was consid-
ered. (Reperfusion arrhythmias were not counted). The
ejection fraction was obtained from the echocardiography
report with ejection fraction <50 considered as low. The
Acute coronary syndrome 361ethical committees of the University of Tabuk and King
Khalid Hospital approved the research, and the Statistical
Package for Social Science (SPSS-version 16) was used for
data analysis. Student’s t-test was used for the comparison of
continuous variables, while Categorical variables were
compared using the Pearson’s chi-squared test. Data were
presented as percentages or means  SD unless otherwise
specified, and a p-value of <0.05 was considered significant.Results
The mean age of the 99 patients with acute coronary
syndrome was 51.8 years  11.3, with a range from 29 to 75
years. The majority (84.8%) were males; STEMI, NSTEMI,
and unstable angina were diagnosed in 73.3%, 21.6%, and
3.1%, respectively, as shown in Table 1.
Table 2 illustrates the coronary risk factors for diabetes
mellitus. Diabetes mellitus was present in 37.4% (mean
duration 9.9 years SD  13.7), hypertension in 33.3%
(duration 1.4 years SD  3.1) and smoking in 52% (no of
cigarettes 14.4 SD  17.3, duration 9.9 years SD  13.7),
while prior myocardial infarction was present in 13.3%.
Twenty patients (20.2%) were obese, and 24 (24.2%) were
overweight. Central adiposity was detected in 28 (28.3%)
patients.
High blood urea was found in 15.1%, hyponatremia in
17.2%, and hypokalaemia in 23.2% of patients, respectively.
Other tests are shown in Table 3.
Table 4 highlights the sugar profile in acute coronary
syndrome patients: 37 (48.1%) were known diabetics, 11
(14.3%) were newly diagnosed diabetes, 23 (29.8%) hadTable 1: Basic clinical characteristics of acute
coronary syndrome patients n[ 99.
Character No %
Age range (years)
29e44 26 (27%)
45e75 70 (72.9%)
Sex
Males 84 (84.8%)
Females 15 (15.2%)
Method of transportation
Private car 73 (75.3%)
Ambulance 24 (24.7%)
Type of MI
STEMI 73 (73.3%)
NSTEMI 21 (21.6%)
Stable angina 3 (3.1%)
Table 2: Coronary risk factors of 99 acute coronary syndrome
patients.
Risk factor No %
Diabetes mellitus 37 (37.4%)
Hypertension 33 (33.3%)
Prior myocardial infarction 13 (13.1%)
Smoking 51 (52%)
Obesity 20 (20.2%)
Overweight 25 (25.2%)
Central adiposity 29 (29.2%)pre-diabetes, and admission hyperglycaemia was found in
17 (21.1%) of patients.
The highest rate of complications was found in newly
diagnosed diabetes mellitus in whom 63.6% of patients had a
low ejection fraction and 45.4% had ventricular tachycardia
and fibrillation, compared to known diabetics and pre-
diabetics. (Some patients had more than one complication).
Table 5 depicts the rate of coronary syndrome complications
according to HbA1c levels.
A high statistical correlation was found between HbA1c
and the number of cigarettes smoked/day (P value 0.003); a
significant statistical correlation was also found between
HbA1C and hypokalaemia. No significant correlation was
found between HbA1c and hospital acute coronary syn-
drome complications. Table 6.Discussion
The prevalence of diabetes mellitus in KSA was not much
different from other parts of the world but a dramatic in-
crease has occurred during the past two decades. The KSA
now has one of the highest prevalences of diabetes mellitus in
the world.12,13
In the present study, almost two-thirds (62,4%) of pa-
tients with acute coronary syndrome were diabetics (known
diabetics or newly discovered). Similarly, Khalid et al.,14 in a
survey conducted on patients enrolled in the Saudi Project
for Assessment of Acute Coronary Syndrome (SPACE),
concluded that 57.9% of acute coronary syndrome patients
were diabetics. This highlights the epidemic of glucose
abnormalities in the Tabuk area and the high prevalence ofTable 3: Investigations of acute coronary syndrome patients
n[ 99.
Investigation No %
High blood urea 15 (15.1%)
Hyponatremia 17 (17.2%)
Hypokalaemia 23 (23.2%)
Hypomagnesaemia 24 (24.2%)
Hyperuricemia 19 (19.2%)
Hypercholesterolaemia 17 (17.2%)
Hypertriglyceridemia 28 (28.3%)
Low vitamin D levela 62 (87.4%)
Positive high sensitive-CRP 62 (65.3%)
a (The percentage was taken from the total 71 cases of available
data).
Table 4: The sugar profile of acute coronary syndrome patients
(n [ 77).
Character No %
Known diabetics 37 (48.1%)
Newly diagnosed diabetes 11 (14.3%)
Prediabetes 23 (29.8%)
Normal sugar profile 6 (7.8%)
Total 77 (100%)
Stress hyperglycaemia 17 (22.1%)
No stress hyperglycaemia 60 (77.9%)
Total 77 (100)
Table 6: Correlation of (HbA1c) with different parameters
among the study group.
Character Diabetes Pre-diabetes P value
Sex 0.48
Males 28 (80%) 20 (83.3%)
Females 7 (20%) 4 (16.7%)
Hypertension 14 (40%) 5 (20.8%) 0.21
BMI 0.96
Obese 20 (57.1%) 7 (29.1%)
Overweight 15 (42.9%) 17 (70.9%)
Central adiposity 10 (41.6%) 9 (45%) 0.43
Smoking 0.07
smokers 14 (41.1%) 18 (75%)
Non-smokers 20 (58.9%) 6 (25%)
No of cigarettes/day 0.003
Hyponatremia 11 (31.4%) 4 (16.7%) 0.94
Hypokalaemia 9 (25.7%) 9 (37.5%) 0.02
Serum magnesium 0.16
Hypomagnesaemia 3 (13.6%) 9 (33.3%)
Hypomagnesaemia 2 (9%) 0 (00.0%)
Vitamin-D deficiency 16 (57.1%) 11 (57.8%) 0.62
Hs-CRP 12 (35.2%) 10 (43.4%) 0.97
High cholesterol 4 (16.6%) 6 (17.1%) 0.99
High triglycerides 12 (34.3%) 7 (29.2%) 0.91
Table 5: Complications of acute coronary syndrome patients
according to HbA1c level.a
Complications No % Arrhythmia Ejection
fraction < 50
P value
Known diabetics 4 (10.8%) 10 (27%) 0.74
Newly diagnosed
diabetes
5 (45.4%) 7 (63.6%)
Prediabetes 9 (39.1%) 12 (52%)
Normal sugar profile 1 (16.7%) 2 (33.3%)
Type of MI
STEMI 16 (84.2%) 24 (33%)
NSTEMI 3 (15.8%) 7 (33.3%)
a Some patients had more than one complication.
H.O. Mirghani et al.362abnormal sugar profiles in patients admitted with acute
coronary syndrome. In this study, low ejection fraction was
observed in 27% of diabetic patients, in agreement with the
above study.
European study results were lower than the present study,
as 20e30% of European coronary syndrome patients had
diabetes and 35% were diagnosed as prediabetes.15,16 In
agreement with the present data, a China study found that
53% of acute coronary syndrome patients were diabetics,
and 24% were found to have prediabetes.17 A study
conducted in Egypt18 found that 24.5% of patients with
acute coronary syndrome were diabetics, and 20% were
prediabetics. In the Egyptian study ventricular tachycardia,
ventricular fibrillation, and low ejection fraction were
observed in 27.5%, 10%, and 22.5% of patients with
prediabetes, respectively, in line with the present findings in
which ventricular tachycardia and fibrillation were present
in 39.1% of patients with prediabetes.
The outstanding findings in the present study are that pa-
tients with prediabetes and newly discovered diabetes mellitus
had higher rates of complications, as 52.1% and 63.6% hadlow ejection fraction (EF), respectively, while 27% of known
diabetics had reduced ejection fraction. This could be due to
uncontrolled vascular risk factors among this group of pa-
tients, and this rate is higher than the results of a study con-
ducted in 24 United States (United States Acute Myocardial
Infarction Registry (US AMI)), in which reduced EF was
present in 21.9%, 20.45 and 16.1% of patients with diabetes,
newly diagnosed diabetes, and prediabetes, respectively.19
In accordance with Roberto et al.,20 undiagnosed diabetes
and prediabetes were common among patients with high-risk
non-ST-segment elevation acute coronary syndrome, and
these patients seemed to have worse short-term outcomes.
In the present study, a significant statistical correlation
was found between HbA1c and hypokalaemia (P value 0.02).
Similarly, Meisngeretal.21 concluded that potassium levels
were associated with prediabetes in hypertensive patients.
Hypokalaemia may be due to the use of diuretics for
hypertension or heart failure treatment and has been
considered as a principal cause of insulin resistance.22
Cigarettes smoking predisposes patients to diabetes, and a
higher risk for type2 diabetes mellitus was also observed for
3e5 years after cessation. The risk only returns to the levels
of non-smokers after ten years of abstinence.23 The current
data showed an extremely significant correlation between
the number of cigarettes smoked/day (P < 0.001) and
HbA1c, in agreement with the above finding. One
explanation is that those who smoke may not follow up
their diabetes. A study published by Jarallahetal24 in three
regions of KSA also concluded that cigarette smokers are
of low social class.
No correlation was found between HbA1c and in-hospital
complications of acute coronary syndrome, and this may be
due to the small size of our sample.
The fundamental strength of the present study is the use
of HbA1c as the tool for the diagnosis of dysglycaemia.
Additionally, the test was conducted on the day of admission
to avoid the effects of prolonged hyperglycaemia, as glucose
tolerance tests are questionable in acute coronary syndrome
due to high sympathetic drive.25
The high prevalence of STEMI acute coronary syndrome
is different from studies in the West and can be explained by
the following. Most of these sample were males, and similar
studies have observed a higher prevalence of STEMI acute
coronary syndrome in male patients compared to females.26e
28 Another explanation could be the younger age of the
present sample. Previous researchers have also observed a
higher prevalence of STEMI than NSTEMI in the Gulf
countries and Malaysia.29
The limitations of our study include the small size of the
studied sample. The study was conducted at one tertiary
centre, so generalization cannot be insured, and we cannot
compare different subgroups for ongoing therapies at
admission in terms of proportions of aspirin, statins and
blood pressure lowering medications. Nevertheless, the high
prevalence of dysglycaemia among acute coronary syndrome
patients has been documented. Further larger multi-centre
studies are needed to examine the hospital outcomes and
long-term complications among acute coronary syndrome
patients with dysglycaemia. Implementation of screening for
at-risk patients for early detection and management of pa-
tients with dysglycaemia as a common risk factor for
myocardial infarction is highly recommended.
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